Maternal cigarette smoking during pregnancy predicts drug use via externalizing behavior in two community-based samples of adolescents 
INTRODUCTION
Addiction to tobacco affects more than a billion individuals world-wide. While tobacco consumption harms primarily the user, epidemiological studies have provided evidence that in-utero exposure to maternal cigarette smoking is associated with certain addictive behaviors in exposed offspring (reviewed in [1] ). Studies in experimental animals suggest that this association is due, at least in part, to direct effects of nicotine on the developing brain (reviewed in [2] ).
While nicotine-induced alterations of the offspring brain, as observed in experimental studies, provide a robust mechanistic explanation for a direct link between prenatal exposure to maternal cigarette smoking (PEMCS) and addictive behavior later in life, it is likely that there are additional routes involving variations in behaviors known to increase, in turn, probability of substance use [3] . Externalizing behavior is a prime candidate behavior to mediate the relationship between PEMCS and substance use. In humans, PEMCS is associated with higher rates of externalizing behavior in pre-schoolers [4] and adolescents [5] [6] [7] , as well as brain variations in young adults similar to those observed in attention deficit hyperactivity disorder [8] . Furthermore, developmentalcascade theories suggest etiological connections between externalizing behavior and substance use [9, 10] . While this mediation pathway is clearly implicated, no studies have evaluated it formally. The main aim of this paper is to test this mediation hypothesis and examine if it replicates across two culturally distinct cohorts in both crosssectional and longitudinal analyses.
Such a mediation process should not be viewed in isolation of its social and environmental context. As such, we explore how five potential covariates influence this mediation process. These covariates are selected on theoretical grounds to identify an optimal set that will reduce the possibility of 'backdoor' causality [11] . To do this, we examine three classes of covariates that may influence all aspects of the mediation process, namely: (i) distal exposure (maternal in-utero alcohol use), (ii) concurrent exposure (the number of peers reported to be taking drugs) and (iii) salient background risks (sex, family income and mother's education). The rationale for each of these and how they influence the mediation process is given below.
Maternal alcohol use during pregnancy has been reported as a significant predictor of adolescent substance use [12] and externalizing behavior [7, 13] . It is possible that mothers who smoke during pregnancy also drink [14] . As such, maternal alcohol use during pregnancy may confound the whole mediation process. The number of peers reported as taking drugs is associated with adolescent substance use [3] and can also be predicted by childhood delinquency [3] . As such, the number of peers reported as taking drugs may act as an additional route through which externalizing behavior may influence adolescent experimentation with drugs. Sex of the offspring is known to influence associations between PEMCS and the brain [15] [16] [17] . Family income is associated with the prevalence of smoking during pregnancy [3] and drug taking in adolescents [18, 19] , as well as externalizing behavior [20] . Thus, both sex and family income can also confound the mediation process. Finally, mother's education is known to influence externalizing behavior [21] . As such, mother's education should be a simple covariate for externalizing behavior.
MATERIALS AND METHODS
The data presented in the current report originate from continuing work on the cross-sectional Saguenay Youth Study (SYS) in Canada and the prospective Northern Finland Birth Cohort 1986 (NFBC 1986) in Finland. Ethical approval for the SYS study protocol was obtained from the Research Ethics Committee of the Chicoutimi Hospital. The NFBC 1986 study protocol has been approved by the ethics committee of Northern Ostrobothnia Hospital District, Finland. Written informed consent and assent were acquired from parents and adolescents, respectively.
The Saguenay Youth Study (SYS) in Canada

Participants
The procedures for recruitment have been described previously [22] . Recruitment and all assessments took place in the Saguenay-Lac-Saint-Jean region of Quebec, Canada between 2003 and 2012. Adolescents and their maternal and paternal grandparents were of white Caucasian French-Canadian ancestry born within the region. Adolescents had to be between 12 and 18 years of age and have at least one sibling of the same age group. Mothers who reported having drunk more than 210 ml/ week of pure alcohol (14 bottles of beer, or nine glasses of wine, or seven glasses of hard liquor) during pregnancy were excluded from the study.
From an initial sample of 1028 participants, 996 were entered into these analyses. Participants who had missing data on drug taking (answered three or fewer questions) or externalizing behavior were excluded. For the remaining participants, there were 32 with one (n = 28), two (n = 3) or three (n = 1) missing values on drug taking and these were imputed with the modal value. There were 526 (53%) non-exposed and 470 (47%) exposed adolescents. These two groups did not differ on age (t(994) = −0.48, P = 0.63), but did on sex (χ 2 (d.f = 1) = 3.88, P = 0.049), there being slightly more females in the exposed group. These individuals had complete data on PEMCS, externalizing behavior and drug use; there were some missing data on the covariates and exact ns are detailed in all the analyses.
PEMCS. Prenatal exposure to maternal cigarette smoking was classified as having had a history of exposure of more than one cigarette per day during the second trimester of pregnancy, as ascertained in a structured interview with the mother. We showed good agreement of this retrospective assessment and medical reports attained from a subset of the mothers during the time of pregnancy [22] . The non-exposed adolescents must have had a negative history of cigarette exposure during pregnancy and the year preceding. At recruitment, we matched adolescents with and without in-utero cigarette exposure by maternal education and the school they attended.
Symptoms of externalizing behavior. The symptoms of externalizing behavior were assessed as the sum of 14 questions relating to the symptoms of inattention, hyperactivity and conduct disorder, assessed using the Diagnostic Interview Schedule for Children (DISC) predictive scales developed and validated by Lucas and colleagues [23] . This overall index of externalizing behavior was reliable (α = 0.70).
Substance use. Substance use was assessed using a questionnaire that asked whether or not the adolescent has ever experimented with any or all of a list of 14 drugs, as reported previously [24, 25] . All answers were dichotomized to never (coded 0) versus at least once (coded 1).
The Northern Finland Birth Cohort 1986 (NFBC 1986) in Finland
Participants
The sample comprised a prospective mother-child birth cohort collected in the two northernmost provinces in Finland [26] . The general population-based Northern Finland Birth Cohort 1986 (NFBC 1986) originally included 9432 children (4865 males) born alive whose expected date of birth fell between 1 July 1985 and 30 June 1986. The cohort covers 99% of the deliveries taking place in the target period of the cohort. Data collection started prospectively before the birth and has continued in field studies at ages 7-8 and 15-16 years [27] . A total of 9340 adolescents (4806 males) were alive at the time of the 16-year follow-up. Of these, 6441 consented and completed the questionnaires described below.
For an initial matched sample of 1646 participants (see details below of matching protocol), a final sample of 1141 participants were included in the analyses, based on the availability of complete data on externalizing behavior and substance use. There were 560 (49%) in the exposed group and 581 (51%) in the non-exposed group. There was no significant difference between the groups on sex (χ 2 = 0.26, P = 0.60).
General protocol for matching
We adopted a two-step matching procedure to ensure that the SYS and NFBC samples were as similar as possible. First, we selected a sample from the NFBC that were matched to the SYS sample in terms of the exclusion criteria used in the latter cohort. This was to ensure that key variables such as exposure to maternal cigarette smoking were assessed in the same way in both samples. Once we had a matched NFBC sample, the second stage of matching focused on replicating the procedure used to match exposed and non-exposed mothers in the SYS sample. In the SYS sample, mothers who smoked and those who did not during pregnancy were matched on educational level and their offspring were matched on the high school they attended. Thus, the exposed and non-exposed samples within the NFBC sample were similarly matched on these variables. Therefore, the SYS and NFBC samples were similar as far as possible on (i) exclusion criteria and (ii) on how the samples were matched based on developmental exposure to maternal cigarette smoking (see Supporting information, Table S1 ).
Measures
PEMCS. Maternal cigarette smoking was determined prospectively during visits to the antenatal clinic [28] . The PEMCS status was defined as having a history of exposure of one or more cigarette per day during the second trimester of pregnancy. In contrast, non-exposed adolescents must have had a negative history of cigarette exposure during pregnancy. Data on maternal smoking during the year preceding the pregnancy were not available.
Externalizing symptoms at 7-8 years of age. Information on early emotional and behavioral problems was collected from teachers' and parents' reports using Children's Behavior Questionnaires (Rutter B2 for teachers and Rutter A2 for parents [29] ) at ages of 7-8 years [27] . When the children were 8 years old, their teachers rated their behavior during the previous year using the Rutter B scale. The parents had rated the behavior of the offspring at the age of 7 years. The scales consisted of brief statements scored from 0 to 2 (0 = does not apply, 1 = applies somewhat, 2 = certainly applies). The symptoms of externalizing behavior were assessed as the sum of 15 questions relating to the symptoms of inattention, hyperactivity and conduct disorder, as assessed by these questionnaires (α = 0.86).
Externalizing symptoms at 15-16 years of age. At 15-16 years of age, participants were asked to complete a postal questionnaire concerning their life habits (e.g. smoking) and social background; this questionnaire also included the Youth Self-Report (YSR) to assess externalizing behavior [30, 31] . Adolescents rated themselves for how true each item was during the past 6 months. The scores for each item ranged from 0 to 2 (0 = not true, 1 = sometimes true, 2 = very true or often true). The items were classified to the subscales based on the 2001 version of the YSR scale [31] , which included seven items for attention and hyperactivity problems [32] and 12 items for rule-breaking behavior. The aggressive behavior items were not used for comparability with the SYS measure. In 65 (0.9%) participants, YSR subscales were excluded because more than three answers were missing in the subscales. If there were at most three missing values in the subscale, those were replaced by the mean value of items in that particular subscale for that person. The sum of 18 items constituted the total externalizing behavior index and was reliable (α = 0.96).
Substance use. Information on substance use was collected in two phases in the 15-16-year follow-up: (i) information on regular smoking was ascertained in postal questionnaires and (ii) data on substance use were collected in the questionnaire that the participants received during a clinical examination. Information on life-time experimentation with eight drugs covered tobacco use, alcohol, medicines, marijuana [33] and hard drugs (e.g. heroin). All answers were dichotomized to never (coded 0) versus at least once (coded 1).
Covariates. In both samples, we examined five potential covariates (mother's alcohol consumption during pregnancy, family income, mother's education, number of peers reported to be taking drugs and sex). Questions, scaling for the covariates and descriptive statistics are presented in Table 1 .
STATISTICAL ANALYSES
Initial univariate regression models were conducted to examine the simple associations between drug-taking behavior, PEMCS, externalizing behavior and the covariates. When the outcome is a count variable (i.e. the number of drugs tried), these data are modeled using Poisson regression. In cases where the counts contain a high proportion of zeros, we estimated zeroinflated Poisson (ZIP) regression models [34] [35] [36] . These models provide two components. The first component examines predictors of the zeros (binary component: never used drugs versus those who have used drugs).
The second component provides an estimate of the number of drugs tried (referred to in the analyses as the count variable). These models thus allow for the differentiation between predictors of never using drugs andfor those who have used drugs-the number of drugs used. The statistical regression models were conducted using Stata version 12.
Univariate analyses were used to identify significant effects among the theoretical covariates of the main mediation model. Significant covariates were included in the mediation models specified as path models in Mplus version 7.1. The basic mediation model was specified to determine whether exposure (i.e. PEMCS) directly and/or indirectly predicts adolescent substance use via externalizing behavior in the two populations of adolescents studied in the absence of any covariates.
In the NFBC sample, the sampling procedure was stratified within four geographical regions defined by crossing Oulu or Lapland province with city or urban region. As such, panel models were used to specify region in the regression models and the complex survey procedure in Mplus version 7.1 to control for region in the path models.
In the SYS sample, participants are nested within families, with two covariates assessed at the family level (level 2; family income and mother's education), with the remaining variables assessed at the individual level (level 1). As such, multi-level path models were specified to explore the mediation models. The family-level variables and externalizing behavior were grand mean centered. Externalizing behavior was grand mean centered to reflect its status as a trait at the population level. The number of peers reported to be taking drugs (level 1) was group mean centered. The level 1 variables of sex, PEMCS and mothers alcohol use during pregnancy were specified as fixed effects. All other effects were specified as random effects. For the univariate regression models, the standard errors in the regression models were specified to control for within family clustering (see notes to Table 2 ).
The possibility of interactions between predictors/covariates
For the NFBC we ran 15 separate regressions (one regression for each of the five covariates combined with each of the three predictors), the outcome being the number of drugs tried. All continuous variables were mean centered prior to estimating the cross-product term. Given the exploratory nature of these regressions, we applied a Bonferroni correction to the P-value. For the SYS data, we ran a series of two-level random intercepts model to examine the level 1 interactions and random coefficients models to examine the cross-level interactions (all zeroinflated Poisson models). Mother's alcohol use during pregnancy Dependent variables are listed across the table on the top row, except for (1) 'sex' with respect to 'exposure to maternal cigarette smoke', (2) 'number of peers reported to be taking drugs' with respect to 'exposure to maternal cigarette smoke' and (3) 'number of peers reported to be taking drugs' with respect to 'externalizing behavior'. a For results pertaining to the covariate 'sex' with respect to 'exposure to maternal cigarette smoke,' sex is treated as the outcome. This is to avoid reverse causation, as sex of the adolescent could potentially be predicted by exposure and not the other way around. The coefficient reported is an odds ratio (OR). b Results pertaining to the covariate 'number of peers reported to be taking drugs' the likely casual order is that 'number of peer's taking drugs' is predicted by 'exposure to maternal cigarette smoke' and 'externalizing behavior'. Therefore, for these analyses 'number of peers reported to be taking drugs' is treated as the outcome using ordinary least squares (OLS) panel regression with reported coefficient being unstandardized. For all models, panel regressions are specified with region as the panel identifier. For logistic regression ORs are reported. For OLS regression, random-effects models with unstandardized coefficients are reported. For total drugs, the coefficients reported are for panel Poisson models. The same results were obtained with standard Poisson regressions. For the standard Poisson models for total drugs, the models were underdispersed and standard errors are corrected by scaling with Pearson coefficient for dispersion. Based on the standard Poisson regression the following standardized effects are reported. Exposed versus non-exposed adolescents resulted in 1.27 more drugs having been tried; for externalizing behavior at 7-8 years a 1 standard deviation (SD) increase in externalizing behavior equates to a 1.05 increase in the number of drugs tried; externalizing behavior at 15-16 years, a 1 SD increase in externalizing behavior equates to a 1.3 increase in the number of drugs tried; for sex being female is associated with trying 1.15 more drugs; for family income, a 1 SD increase is linked to taking 1.03 more drugs having been tried; if the mother took alcohol during pregnancy, the adolescent will try 1.1 more drugs; for the number of peers taking drugs, a 1 SD increase is associated with taking 1.24 more drugs tried); for mother's education, a 1 SD decrease is linked to 0.98 more drugs tried. Sex n = 1141, family income n = 816, mother's alcohol n = 1123, number of peers reported to be taking drugs n 
RESULTS
Univariate and multivariate analyses and covariates
'number of peers reported to be taking drugs' with respect to 'exposure to maternal cigarette smoke' and (3) 'number of peers reported to be taking drugs' with respect to 'externalizing behavior'. a
For results pertaining to the covariate 'sex' with respect to 'exposure to maternal cigarette smoke', sex is treated as the outcome. This is to avoid reverse causation, as sex of the adolescent could potentially be predicted by exposure and not the other way around. The coefficient reported is an OR. b
Results pertaining to the covariate 'number of peers reported to be taking drugs' the likely casual order is that 'number of peer's taking drugs' is predicted by 'exposure to maternal cigarette smoke' and 'externalizing behavior'. Therefore, for these analyses 'number of peers reported to be taking drugs' is treated as the outcome using OLS panel regression with reported coefficient being unstandardized. All standard errors are corrected for within family clustering. For logistic regressions ORs are reported. For OLS regression unstandardized coefficients are reported. For total drug taking, there were 428 subjects of 996 with zero drug taking and, as such, a zero-inflated Poisson (ZIP) model was conducted. Pearson inflation factors were all greater than 2. Please note that for the binary component of the ZIP model the outcome this is scored in the direction of predicting the zeros (having never taken drugs). For the ZIP model for exposure, the binary function is significant and equates to an OR of 0.65, indicating that the non-exposed group are 1.5 times more likely to have never taken drugs. For externalizing behavior, both the count and binary values are significant. The count effect indicates that for those who take drugs, for every SD change in externalizing behavior, an extra 1.25 drugs are tried; the binary effect indicates that for every SD decrease in externalizing behavior the odds ratio for never taking drugs is 1.37. For sex, only the binary function is significant. This indicates that being male is associated with an OR of 1.4 for never taking drugs. For family income only the count function is significant; this indicates that for each unit increase in income, the OR for taking drugs is 0.95 (higher family income is linked to lower drug taking). For mother's alcohol intake during pregnancy there are no significant effects. For the number of peers reported to be taking drugs, both effects are significant. The count function indicates that every SD increase in the number of peers reported to be taking drugs is associated with adolescents taking an extra 1.27 drugs. The binary function indicates that for every SD decrease in the number of peers reported to be taking drugs, the odds of never taking drugs is 14.3. Finally, for mother's education, neither effect is significant. Standardization for Poisson models were run using the listcoef function developed by Long & Freese [36] . For sex n = 996, peers taking drugs n = 990, family income n = 988, mother's education n = 977 and mother's alcohol use during pregnancy = 993. For both mother's education and family income, these values reflect level 2 between-subject factors. The results pertaining to these were confirmed using a multi-level model in MPlus 7. use of the offspring; it was also associated with mother's alcohol use during pregnancy and the number of peers reported as taking drugs. Lower family income was associated with greater externalizing behavior in SYS and lower externalizing behavior in the NFBC. For the NFBC sample, multivariate regressions (regressing drug taking on predictors and covariates) showed that current drug-taking behavior was associated (positive correlations) with externalizing behavior at 15-16 years, the number of peers reported to be taking drugs, mother's alcohol use during pregnancy and PEMCS. For the SYS sample, the binary component of the analyses (i.e. an adolescent never started to take drugs) indicates that adolescents were more likely to have never taken drugs if (i) they had not been exposed to maternal cigarette smoking during pregnancy, (ii) reported a smaller number of peers as taking drugs, (iii) had lower externalizing behavior and (iv) were male. For adolescents experimenting with drugs, the count component of the analyses indicates that higher experimentation with drugs is associated with lower family income, greater externalizing and the greater the number of peers reported as taking drugs. Full details of these analyses can be found in Supporting information, Table S2 .
The possibility of interactions between predictors/covariates
In the NFBC sample, three interactions were significant by conventional standards, namely PEMCS by mother's alcohol use during pregnancy, family income by externalizing behavior at 7-8 and number of peers reported to be taking drugs by externalizing behavior at 15-16; however, none of these interactions was significant after the Bonferroni correction.
For the SYS sample, there were two significant interactions by traditional standards, namely between externalizing behavior and number of peers reported to be taking drugs on drug use using the count component, and between PEMCS and number of peers reported to be taking drugs on drug use using the binary component. The first interaction did not pass our Bonferronicorrected P-value of 0.0025, while the latter did, but adding the latter component to our two-level model caused it to fail to converge. For this reason, and given that this interaction was not predicted a priori, we dropped it from the final model.
Predicting substance use
The basic mediation models-without the covariatesare reported in Supporting information, Fig 1a,b and show that the basic mediation prediction is supported. Figure 1 shows the path model predicting substance use in the NFBC cohort including covariates identified from the univariate analyses. The results demonstrate that PEMCS and alcohol use during pregnancy predicted directly a higher number of drugs tried by adolescent offspring. In addition to these direct effects for PEMCS, indirect effects were observed via: (i) externalizing behavior at 7-8 and 15-16 years of age; and (ii) the number of peers reported to be using drugs. In these cases, the greater the number of peers reported to experiment with drugs and the greater the externalizing behavior at 15-16 associates with a higher number of drugs tried by the adolescent. Female adolescents had higher externalizing behavior at 15-16 years of age, but males were more likely to have higher externalizing behavior at 7-8 years of age. Figure 2 shows the path model for the SYS sample; it replicates the main findings observed in the NFBC sample. Most importantly, PEMCS predicted adolescent substance directly and indirectly via externalizing behavior and the number of peers reported as using drugs.
DISCUSSION
In two community-based samples of adolescents recruited in geographically distinct populations, we demonstrate that PEMCS was associated with a higher probability of experimenting with drugs during adolescence directly and indirectly via externalizing behavior and the number of peers reported as using drugs.
In the prospective longitudinal NFBC 1986 sample, we demonstrate that PEMCS predicted higher likelihood for externalizing behavior both in childhood (7-8 years of age) and mid-adolescence (16 years of age), with externalizing behavior at the age of 7-8 predicting externalizing behavior at ages 15-16. Both PEMCS and externalizing behavior at age 16 related to higher total drug use during mid-adolescence. These results are in line with a series of previous reports associating PEMCS with short and long-term psychological and behavioral deficits [3, 4, 24, 25, [37] [38] [39] [40] [41] [42] . The above relationship was replicated in the SYS, suggesting that the association is independent of culturally specific confounders.
We also observed a number of novel associations between the number of peers the adolescents report are experimenting with drugs and a number of relevant phenomena. In particular, we show that-in both samples-children whose mothers smoked during pregnancy reported more peers experimenting with drugs. Reporting more peers experimenting with drugs was predicted by higher externalizing behavior and predicted greater drug experimentation. Thus, the number of peers reported to be experimenting with drugs also acts as an additional indirect path from PEMCS to drug experimentation and as an indirect path linking externalizing behavior and drug experimentation. Targeting and reducing exposure to such peers may offer an important means to disrupt part of the link between drug experimentation and both PEMCS and externalizing behavior. We did not predict this link between PEMCS and reported peer drug experimentation, but it did emerge in both samples. Therefore, we feel it is a robust finding. At this point, we can only offer a few possible avenues to pursue in future studies to explain this phenomenon. At least three possibilities could be considered. First, mother's (or mother's partner) smoking may influence their child's smoking behavior ('imitation'), which then influences their autonomous decision to affiliate with peers who also smoke and use substances. Secondly, the mother's smoking behavior may influence the type of environmental exposure their children have with other families where parents and adolescents smoke, thus influencing the probability of affiliation with peers who also smoke and use substances. Thirdly, geographical proximity of families with a particular rate of smoking behavior may, again, influence the probability of interacting with peers sharing similar exposures. The latter two scenarios are consistent with the known role of social networks in the person-to-person spread of smoking behavior [43] . At this point, these are only theoretical speculations that need to be tested in future studies.
Overall, the results suggest that maternal cigarette smoking is a significant predictor of adolescent substance use directly and indirectly via externalizing and reported peer drug use. Possible interventions and reducing externalizing behavior at 7-8 years of age may assist in reducing substance use behaviors during the peak of adolescence [10] or interventions targeted at reducing exposure in other adolescent drug users. We note that Figure 1 Longitudinal analysis of the Northern Finland Birth Cohort (NFBC) data for total drugs (Poisson path model). *P < 0.05; **P < 0.01; ***P < 0.001. Unstandardized coefficients. Estimator is robust maximum likelihood. Family income is not in the model due to 325 missing cases. Full information maximum likelihood (FIML) is used to deal with missing data (n = 1141). Stratification for geographical region. Exposure (0 = not smoked during pregnancy, 1 = smoked during pregnancy). Sex (1 = male, 2 = female). Mother's alcohol use during pregnancy (0 = no, 1 = yes). Figures in parentheses on the paths predicting total drugs at 16 years represent the exponentiated coefficients to ease interpretation. For example, a person exposed to maternal smoking is expected to try, on average, 1.15 times more drugs than a person not exposed. For every increment in externalizing behavior at 16, a person tries, on average, 1.04 more drugs.The path between mother's alcohol use during pregnancy and adolescent drug use is not shown, as the association is not significant in the univariate analyses for covariate selection. PEMCS = prenatal exposure to maternal cigarette smoking.
other factors could mediate adolescent substance use including, for example, internalizing behavior (anxiety and depression) of the parents and adolescents, as well as current maternal smoking/drug use [1, 3] . In summary, this report makes a number of contributions to the existing literature on the relationship between PEMCS and substance use during adolescence. First, we have used a mediation model and tested formally the role of externalizing behavior in mediating the relationship between PEMCS and substance use. Secondly, we have explored the role of theory-driven covariates targeting specific components of the mediation process. Thirdly, we contribute a new observation to the literature, namely that the number of peers who are reported to take drugs act as an additional mediator of the relationships between both PEMCS and substance use and externalizing behavior and substance use. Finally, the strength of this report also rests in the fact that we replicate these relationships in two geographically and culturally distinct cohorts, thus supporting the generalizability of the findings.
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Figure 2
Cross-sectional analysis of the Saguenay Youth Study (SYS) data for total drugs (zero-inflated multi-level Poisson path model with random effects and fixed effects). §P = 0.051; *P < 0.05; **P < 0.01; ***P < 0.001. Unstandardized coefficients. Estimator is robust maximum likelihood (n = 969). Full information maximum likelihood (FIML) is used for missing data at level 1, but due to level 2 missing data some participants were lost in the analysis.The estimate of the number of peers taking drugs is group mean centered, with family income, mother's education and externalizing grand mean centered. Effects for sex, exposure and mother's alcohol use are fixed effects with random intercepts, all other level 1 effects are specified random effects. Exposure (0 = not smoked during pregnancy, 1 = smoked during pregnancy). Sex (0 = male, 1 = female). Mother's alcohol use during pregnancy (0 = no, 1 = yes). Please note that for the binary component of the zero-inflated Poisson model the outcome this is scored in the direction of predicting the zeros (having never taken drugs).The same pattern of effects is observed when the model is specified as a fully fixed-effect random intercepts model. Figures in parentheses represent the exponentiated coefficients. For example, the effect of adolescent externalizing behavior on not taking drugs (total drugs-binary) indicates that for every point decrease from the grand mean in externalizing is associated with a 1.61 (1/0.62) times increase in the odds of having never taken drugs.The effect of exposure on never taking drugs (total drugs-binary) indicates that the effect of not being exposed to smoking is associated with a three times increase in the odds of having never taken drugs. A one-unit decrease from the mean in the scale assessing the estimated number of peers taking drugs is associated with an eightfold increase in the odds of having never taken drugs. Every increase in externalizing behavior from the mean is associated with trying 1.09 times more drugs. PEMCS = prenatal exposure to maternal cigarette smoking.
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Figure S1 Simple mediation models. (a) Poisson path model: longitudinal analysis of the Northern Finland Birth Cohort (NFBC) data for the total drugs basic mediation model. *P < 0.05; **P < 0.01; ***P < 0.001. Unstandardized coefficients. Estimator is robust maximum likelihood. Full information maximum likelihood (FIML) used to deal with missing data n = 1141. Stratification for region controlled. Figures in parentheses on the paths predicting total drugs at 16 years represent the exponentiated coefficients. For example, a person exposed to maternal smoking is expected to try, on average, 1.2 times as many drugs as a person not exposed. For every increment in externalizing behavior at 16 a person is, on average, likely to try 1.06 more drugs. (b) Zero-inflated multi-level mixed random and fixed effects Poisson path model-basic mediation model. *P < 0.05; **P < 0.01; ***P < 0.001. Unstandardized coefficients. Estimator is robust maximum likelihood (= 996). Paths from exposure represent random intercepts and paths from externalizing are specified as random slopes. Adolescent externalizing behavior is grand mean centered. Please note that for the binary component of the zero-inflated Poisson model the outcome of this is scored in the direction of predicting the zeros (having never taken drugs). Figures in parentheses on the paths predicting total drugs at 16 years represent the exponentiated coefficients. For example, the effect of adolescent externalizing behavior on not taking drugs (total drugs-binary) indicates that for every point decrease from the grand mean in externalizing is associated with a 1.25 increase in the odds of never starting to take drugs. The effect of exposure on whether or not an adolescent starts taking drugs (total drugs-binary) indicates that those not exposed to maternal cigarette smoking are 1.6 times more likely never to use drugs Table S1 Exclusion criteria in the Saguenay Youth Study (SYS) and in the Northern Finland Birth Cohort 1986 (NFBC 1986). Table S2 Multivariate linear regression models predicting total drug taking. PEMCS = prenatal exposure to maternal cigarette smoking.
